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Photochemical efficiency of PSlI PI=(RC/ABS) x (TR/DI) x (ET/(TR-ET))
(RC/ABS): Active RC density on a Chl basis

(F\/F,): Performance due to trapping
probability F,/F,=TR/DI
A 1 N -IPSR =R B ==l ===N =+IPSR -=RDI|

(ET/(TR-ET): Performance due to

0,54 g electron-transport probability

F/F.=TR/ABS
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Carbon isotope discrimination
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Agronomic water use efficiency

5 _
: a a

~4
g . b Water economy Transpiration
D3 in relation FI AWUE rate
[ b Treatment (%) (gDMLY)  (LH,0gDMY)
2 FI - 312 0.322
D2 PRD 50% 455 0.217
S F RDI 50% 457 0.217
z NI 55.14% 2.46 0.400

1+

0 g C3 crops

Fl PRD RDI NI

1t06gDM L1H,0

C4 grasses
10to30gDM L1H,0

Table 1
Total volume of water applied, and volume applied per day of greenhouse-grown
papaya (Carica papaya L) in splitroot pots with four different irrigation treatments:

full irrigated (F1), Partial Rootzone Drying (PRD), Regulated Deficit Irrigation (RDI), Treatment L HZO m-2 day-l
and non-irrigated followed by 6 days of FI (Ni-gh),

Arkley (1982)

_ Fl 1.63
Treatment Total volume of water Volume of wates
applied (L) applied per day (L) PRD 0.84
Fi 47.50 2.3 RDI 0.78
PR 23.8 1.1
RDI 238 1.1 NI 1.17

Mi-zh 21.3 1.0



Treatment

Whole canopy
summer

Whole canopy
winter

Fl
PRD
RDI

NI

Volume water
applied per
plant per day

16.0

10.0

2.3
11
11

1.0

Transpiration
L H20 per m?
leaf per day per
plant

25

4.2

1.63

0.84

0.78

117

Transpiration L
H20 per plant
per day

10

15

23
11
11

1.0

Leaf area
m2

4.0

35

141

1.30

140

0.85

5 months

5 months

3 months

3 months

3 months

3 months
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Partial rootzone drying (PRD) and regulated deficit irrigation (RDI) [!};: BE-
effects on stomatal conductance, growth, photosynthetic capacity,
and water-use efficiency of papaya”
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ol plant (0.75m ematis drter flow was 23Lh" (total
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5. Conclusion

While there was evidence of non-hydraulic signals inducing sto-
matal closure in the PRD treatments compared to RDl in greenhouse
studies, these effects were insufficient to alter dry matter partition-
ing, biomass, or yield components since there were no significant
differences between PRD and RDI at either a 30% or 50% water
deficit. A 50% water deficit in the greenhouse study for the PRD
and RDI treatments was sufficient to significantly reduce biomass
and dry matter partitioning compared to the Fl treatment. In the
field study, a 30% water deficit in both PRD70 and RDI treatments
did not significantly reduce vegetative growth or yield compo-
nents, compared to FL. It appears that papaya can tolerate moderate
water deficits without a significant reduction in yield components
indicating that <100% ET irrigation replacement may be scheduled
but there is little or no difference between PRD and RDI. Further
research will be needed to verify that moderate soil water deficits
do not reduce quality.
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I}:-\p:a.}':l attributes that allow for thas:
1. Efficient lateral transfer of water in stem

2. l{:{pid rool Fn:riiﬂ:r:{l_i{m in wel zones

3. Hydraulic redistribution into dry zones

1. Efficient lateral water transfer in stem
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l‘np-.-l'_..'.-q. attributes that allow for this:
2. Rapid root proliferation in wet
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3. Hydraulic redistribution into dry
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Water Transfer in a Papaya-Corn Culture System  Proc. Third IS on Papayva

T.E. Marler

Eds.: N. Chomchalow et al.

Western Pacific Tropical Research Center Acta Hort. 1022, ISHS 2014
University of Guam, Mangilao
Cruam 26923

USA

Abstract

‘Tainung 2" and *Sunrise’ papava seedlings were grown in split-root
containers. *Honev Jean 3° sweet corn seeds were planted in one of the two
containers that comprised ecach split-root papava svstem. Following establishment of
the corn seedlings, the papava-corn svstems were subjected to one of three
treatments: 1) both halves of the papava roots were well-watered (control); 2) both
halves of the papava roots received no water; (3) the papava root half without the
corn seedling was watered but the half with the corn seedling received no water. Pre-
dawn leaf relative water content (RWC) and mid-morning stomatal conductance of
corn leaves were the response variables used to quantify drought stress, Stomatal
conductance reached zero by day 10, when RWC of treatment 2 plants was less than
3% and that of treatment 3 plants was 80%. At this stage, half of the remaining
replications in treatment 3 were treated by cutting the connection between the roots
in the dry compartment and the base of the papava stem. This procedure relieved
competition between the two species, but also eliminated the watered half of the
papaya roots as a possible source of water for the corn plants. Leaf RWC of the corn
plants relieved of papava root competition declined to below that of corn plants
within intact treatment 3 papava split root svstems. These results indicate hyvdraulic
redistribution occurred from papava roots in the watered pots to the corn plants,
Water redistribution within papayva plants may have impacts on hvdrologic
processes, and should be considered when scaling fluxes to the orchard level.



FI. We hypothesized that the difference observed in physiological
response to PRD and RDI treatments between the papaya grown in
the greenhouse and field may be related to the different volumes
of soil explored by the root system. The physiological response of
papaya to PRD and RDI was more affected in greenhouse-grown
than field-grown papaya because in the greenhouse study, the
roots are limited to the volume of the pot. In addition, in field
conditions rainfall can increase water availability in the soil and the
roots have a greater volume of soil to explore. Thus, environmental
variables such as VPD and PAR can more severely affect the gas
exchange and growth of plants grown in the greenhouse than
plants grown under field condition. In addition, PRD and RDI can
increase stomatal sensitivity to VPD (Collins et al.. 2010).

Collins, M.]., Fuentes, 5., Barlow, W.R., 2010. Partial rootzone drying and deficit
irrigation increase stomatal sensitivity to vapour pressure deficit in anisohydric
grapevines. Funct. Plant Biol. 37, 128-138.



Flooding

Papaya is considered a species sensitive to low oxygen availability
in the soil (hypoxia), which is commonly caused by waterlogging
(Ogden et al., 1981; Malo and Campbell, 1986)

Reduced oxygen can occur as a result of tropical storms that
saturate the soil for several days, flood irrigation, as well as micro-
irrigation practices that create microenvironments of reduced soil
oxygen

A completely flooded soil can cause death to papaya plantsin 2d
(Wolf and Lynch, 1940; Khondaker and Ozawa, 2007) or 3to4d
(Samson, 1980) o
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Papaya, considered sensitive to hypoxia, responds with accentuated
senescence (chlorotic leaves), leaf fall and does not recover after hypoxic
conditions are removed (Marler etal., 1994).

These studies indicate that papaya is sensitive to small reductions in soil
oxygen content and it is likely that micro-irrigation saturation of a small
portion of the soil is having some negative effects. Consequently, a
welldrained soil is essential for high productivity.




100% of roots submerged

Dissolved O3 concentration (mgl-')

Treatment Day 1 Day 2

0g Ca0s 3.63 + 0.92b 4.38 + 0.89b
228gCad; 7.00 + 0.76a 5.38 + 1.70ba
457gCaD; 8.03 + 1.0%9 7.19 + 1.50a

et al.. 2009a), Hydrogen peroxide decomposes in the soil, releas-
ing Oz which i1s needed for aerobic metabolism in the roots (Gil
et al., 20094,b). When H20> comes in contact with water, it reacts
to give off 0.5 mol of O; per mole H;0; as shown in the equa-
tion Ha03 +H;0— 0.50; + 2H;0 (Gil et al., 2009a). In soil, solid
oxygen compounds (i.e., Cal;, Mg0; ) breakdown to H:0s which
then provides oxygen to the rhizosphere (Liv and Porterfield, 2014).



2.5-1 plastic bucket

pots {Thani, 2016} Calculations wene then made 1o account for the
smaller pol sizein the present experiment. Ca0; was applied evenly
to the soll surface a few minutes prior to heginning the fooding
treatments, Treatments were arranged ina randomized complete












Tahle 2

Survival of papaya [Corico paperva L} seedlings in Krome wery gravelly loamn sod wich 0%, ~75% or 100% of roots sebenerged in HaO with different conoestrations of Caly
adiied fo e wosl | Experiment 1]
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Salinity

Papaya seed germination is inhibited by very low levels of salinity (Kottenmeier et al., 1983), yet
seedling growth can be stimulated by 1/10 seawater salinity levels (8 mS cm-1) when compared
to a Hoagland'’s nutrient solution control (Kottenmeier et al., 1983)

Maas (1993), however, classified papaya production as moderately
sensitive with salinity effects at 3 mS cm-1

Similarly Elder et al. (2000) found that moderately saline water
(1.4 to 4 mS cmt) applied in trickle or under-tree mini-sprinkler irrigation
had no adverse affect on productivity but when overhead

applied, there was leaf damage and reduced growth. seawater:
3.5% (35 g/L, or 599 mM)
] 50-80 mScm?
3200 ppm (mg L) de NaCl equivale a5 dS Hoagland solution:
m-1 2.7mScm*

3.2gNaCl 1Litrode agua=5dSm-1
I1mScmi=1dSms!
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The experiment was conducted in a greenhouse between March and October 2010, at UENF, in Campos dos
Goytacazes, RJ

2 genotypes: Golden and UENF/Caliman
100L pots

EC1;1.6;22;2.8;and 3.4dS m+1

96 to 126 Days after transplanting




* Control.

The experiment was conducted in a greenhouse between March and October 2010, at UENF, in Campos dos

Goytacazes, RJ

2 genotypes: Golden and UENF/Caliman

100L pots
EC1;16;22;28;and 3.4dSm1
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* Control.
The experiment was conducted in a greenhouse between March and October 2010, at UENF, in Campos dos
Goytacazes, RJ
2 genotypes: Golden and UENF/Caliman
100L pots
EC1;16;22;28;and 3.4dSm1

Treat. Treat. Treat. Treat. Treat.
1 2% 3 4 5
Fertilizers (9) x05 x1 x15 x2 x25
Urea 237 475 71.3 951 118.8
MAP 11.8 236 354 473 591
Solution A K,SO, 29.6 59.3 88.9 118.6 1483
MgSO, 29.6 59.2 88.8 1184 148
Micronutrients 3.5 70 105 14 17.5
CE (dSm) 1.0 1.6 2.2 2.8 3.4
Solution B Ca(NO,), 56.2 1124 168.6 224.8 281
CE@Sm?) 10 15 20 26 32

Maximum 3 L each treatment per day per plant. After
each nutrient solution were applied 1.5 to 3L water in

each plant per day; 3 times per day)
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PI=(RC/ABS) x (TR/DI) x (ET/(TR-ET))
(RC/ABS): Active RC density on a Chl basis
(F\/F,): Performance due to trapping

probability F,/F,=TR/DI

(ET/(TR-ET): Performance due to
electron-transport probability

®e =is the initial slope of the light
response curve ETR versus
030 PAR(quantum efficiency)

A
n:ﬂ ! " reEE T L
‘ ] ] ‘.'_r..L.l.-I'..' .....................
X lla-".... *
e )
& 015
[ [ 6]
wZRAdT ¥ E D000+ 00T B s QR
oos 4 EIS0AIT 5= QTR + 0,108 76 = D el BF = QAT
SBHDRIT o D PEG« ST BF = 3R
W FLEAT g Sl i S B = 0 AT
oo & =
1.0 1.6 2 2.8 34
Condutrvidade eirica [d5 m"

"r","

I il

L

'y 1

L N

Feree

Pyl € W0 Surmr- U s g, oy Py c =



0 A

ok 4
PR 1 . hEd-Rl - R -l Y] -
(11
14 18 id ] 14
Crrad wtiyisle BT (R )
% T pEET 5 e e | e e DT B A0 e A
| e e B o D G e
I ST po-R s d e s (215 el MR
80 4 wad ST e | Sk T o G e G
| GRE AT §o-Li s T D
| # H ST por-1 K" o e e U W3 TRE
17| '
& :
1 AT -
Pl .r-'"-:r ] )
L..l"'..' . gy i 1.
a0 1 - i
L-‘.— :_._'_._-r"r'_---:-'-‘-ﬁ
| F'__".-r'-‘f B - TR
.Il _.-¢-1l-ll'r" - '-' r-|l-_|._.
! S —
L)
L nG i Fa ] a4

&=

1
i 0 S 7 SF RS S BN S IS S ik A
Nl g B s 1 e =k D B0 BSOS

.—II’IIII—.._._ L]

'--_-.-.h|

s

13 Le i3 14 M
Coredutsradlbok sbbirec j25 & 7)

7., SODNT pe0IMNe0

w DT - s 0 DI B QT
EIDAT §e A2 AR GRS = 15T
8 | =idSAT e E el UM+ el s Qi
BRET e RS i FEM P aBiD

s TREWT yu i Plas 143 W = BOSE




Golden

1,6 dS m-1
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Relationships between sap-flow measurements, whole-canopy transpiration, and
reference evapotranspiration in field-grown papaya (carica papayal.)

L".-;_ b . i ?'
- L‘ﬁ.ﬁh. r [ -|I|:.J|--

Summer: (clear sky, during 4 days)
PPF, ... 2400 pumol m2s?t

max*

T, ... 38°C

4 kPa

max*

VPD

Winter: (clear sky during 4 days)
PPF, ... 1400 umol m2s+?

max-*
T, ... 33°C
VPD,.: 3.5kPa

max*



Under the environmental conditions evaluated :
(4 sunny days)

Winter:

Maximum vapor pressure deficit (VPD,;,)=3.5 kPa
Air maximum temperature of 33°C

Maximum PPF: 2400 pmol m2? st

Summer

Maximum VPD,;,=4.0 kPa

Air maximum temperature of 38°C
Maximum PPF : 1400 pmol m2 st

The crop was irrigated with a drip/fertigation
system providing supplemental irrigation of 10
(winter) and 16 L per plant per day (summer)

Leaf area each plant
5 months old
Winter :3.5m?
Summer: 4 m2



Xylem cell wall

Adhesion

Xylem cell
Water molecule
























Effects on sap flow

non-heated probe
Sap flow measure

differences Water reduce
between temperature
heated and

non-heated probe



Xylem vessel
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K is the heat coefficient:

AT : the maximum temperature
difference (°C) between sensors in
active xylem (night time), and AT is
the temperature difference (°C)
between sensors in active xylem
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Sapflow (L m2 h1)

o
a1
o

-0,50

May to July (winter dry season)(104days)

Plant leaf area: 5m?2

Kaolin particles: ’
0.70Lhm2? x5m?=35L h?plantx8h=28L H,0 plant* day

Control:
0.32Lhm2=1.60L hplantx8h=12.8L H,0 plant? day

Maximum light = 2300pumol m-? s = 1000 W m-2




Mycorrhizal fungi effects on papaya productivity

The beneficial effects of arbuscular mycorrhizal (AM) fungi in the plant kingdom and
agricultural cropping systems are well documented, and include increased P, water,
and nutrient uptake as well as improved pest resistance (Harley and Smith, 1983;
Bethlenfalvay and Linderman, 1992)

Arbuscular mycorrhizal fungi colonize papaya under natural conditions. Papaya
appears to be very dependent on AM since plants in sterilized soil, as compared to
inoculated, showed poor growth and particularly P uptake (Habte, 2000)

Mohandas (1992) reported that AM inoculation of papaya seedlings increased growth,
P concentration and acid phosphatase activity in leaves
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ig. 1 Leal water potential of papava trees inoculated with an ar-

buscular mycorrhizal (AM) fungus, Gigaspora margarita, and
non-inoculated (Now AM) trees during period of water stress
(W) Vermical bars indicate SE (n=3)



Table 1 Biomass vield (g) of papayva trees inoculated with an ar-
buscular mycorthizal (AM) fungus, Gigaspora margarita, and
non-inoculated (Nen AM) trees under irngated and water-stress
conditions. The data are meansxstandard error (SE) (n=23)
(REW root fresh weight, TFW total [resh weight)

Treatment  Biomass yield

Irrigated Water stressed

RFW TFW RFW TFW
Non AM 35.2+5.8 QR4E£95 d0£54 15873
AM 85.9+6.5 141.1 105 660449 1196x6.6

20 days of water-stress treatment

Treatments were applied 3 months after planting



Table 2 Concentrations of  l-aminocyclopropane-1-carboxyhic
acid (ACC) and ethylene in papava roots inoculated with an ar-
buscular mycorrhizal (AM) fungus, Gigaspora margarita, and
non-imoculated (Non AM) trees under rmgated and water-stress
conditions. The data are means £5E (n=3)

Treatment ACC (nmol/g [resh wt.) Ethylene (ppm)
Irrigated Water Irrigated Water
stressed stressed
Non AM 0.14 £0.04 0.62 £0.04 093004 1.41X£0.04
AM (.06 £ 0.01 0.41 +0.04 So3+004  1.23+£003

20 days of water-
stress treatment

Mycorrhiza establishment may result in the control of ethylene levels as one

mechanism of reducing damage by water stress in papaya plants.

Besmer and Koide (1999) showed that mycorrhizal colonization can decrease
ethylene concentration in flowers, which might explain the increased vase-life of cut

flowers.

AM colonization may act as an inhibitor of ethylene biosynthesis by influencing ACC

conversion to ethylene



Mechanical root restriction




Net CO, assimilation rate
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TABLE 1 - Textural class, bulk density, particle
density. porosity and macroporosity of the soil m
Macad BRI Braal

By Pyl el
Hoaeroa : 3
(gom’) (B} pogoury  Macroporeiry®
("a)
A" 174 2.60 33 13.3
{ samdy-
hoam)
B’
164 .50 E i 1.9
(elaw)
B' = Bulk Density. P = Particle Density

Macroporosany™ (0. lam), (sandy-loads, 58% coarse,
1 5% fine sandy, 07% sile and 20% clayi®. (clay, 25%
coarse, 19% fime sandy. 08%% silt and 48%s clay)



TABLE 4 - Net CO, assnmlation rate (4), stomatal conductance ). mtercellular partial pressure €O,
() and leaf temperature (I;) of four papaya (Carica papaye L.) genotypes as influenced by root zone
restriction in Macad BRI/ Brazil. Determmned i the third day atter the imgation.

AT (ool ™ §°) g molm” &) &MuLL*Y) T (*C)
Grenotypes

NEF WH* NR WR NR WR NR WR

Sungse Solo T 17.1 Aa®™  100Bb  O0110Ab 0021 Ba 2811 Ac  2614Bb 367 Ba 381 Aa
Smnse S0do T212 220 Aa 1L.5Bb 02X Aa 005ZBa 2967Ab 2713Bab 3353 Bb 36.5 Ad
Tamming 02 222 Aa 123Bab 0131 Ab  0029Ba 309442 2765 Ha 36.8 Ba 3746 Ab

Rawow =Yoot 0] 21.B Aa 152Ba 0210A3 0.062Ba 2932 Abe 2828 Aa 35.7 Bab 378 Aab

* Determumed 150 days after transplantmg. on third day after imgation: Quantum fux of photons 1650.60 = 160.90
umol mi® 5'. Data collected at 9:00-11:00 AM. Air Temperanire 36,90 £ 0.5°C. C0; concentration into chamber
360.00 = 11.70 pL L', Partial pressure of water vapour into chamber 3.59 = 0.11 kPa; Soil moisture on volume
basts 9.36 = 1.73 %, [Field Capacity=11.00%). ¥ NR= Area with no restnction 1© oot growth, * WR= Area with
restraction of roof growth © = Average followed by the same small leters in columns or capital letters in the rows (for
each charactenstic) dad not differ at the probability level of 5% (p=<0.05) using Duncan's Muluple Range Test

E. Bras. Fisiol. Veg.. 13(2):129.138, 2001









Burerion S0l 72,02 TFodmmg (2
i 15 - 165 —
|
=140 E 140
y E —— hh
E 115 & 115
W E B —o—\ith
-
& 1
e -
a3 = ¥ T T = 4} b= T
4 5 & 7 B W 4 5 B 7 8 1
Months after ransplant Manihe aier iranspiant
Sunrise Sola TJ | Koo 01
s 165
B i
Y Ho
8 3
" 15
g s —a—MNp -
- T
| - Pt riction =
E —o—Wih
& & Pzt riction 23 {,__
T i
40 - ; - ; ] = : T -
4 ] 5] 7 g [¥] 4 3 a 7 g 10
Im‘ﬂrl.ﬂ!rl:nnlnm I:nlluﬂlrmz
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Wind

Table I. Single leafl area. leafl expansion rae,
and oot extemsion rabe of "Tainung 27 and
“Sunrise” papava plants expoed %o or fully
protecied from ambient winds ai the end of
Joweek experiments condocted 5 1o 24 May
I eam wimd speed = 257 m-s™"), 4 4o 23
Sept. 2004 (mean wind
and & i 27 Jan. 2000 {mean wind speed =

= %0 ms'),

I ms )"
Wind Lreatment
Hedpondg varable Prologiod Exposcd P
Lo, |}
Leaf area {em™) 1 96 0AR7
Lcaf cxpacson b LRE GRS
(mmd )
o il eriiaon h 39 i 4% 952
(rmred ")
Eupx, 7
Leaf arca {cm’) 1 LB (|
Leaf expansion 6,57 467  DUH03
mm-d ")
Kot gxiension 6,58 hEE DO
irmmd ")
Expt, 3
Leaf arca {cm’) L | 133 (LIHE]
Leaf expansion 1.3% +1 Goadl
mm-d ")
Kool gaension 1.58 T LR
(mmd ")

‘= 12 {mean of six “Tainung 2° and six "Sunnse”

planish

HomsSonsace Yol SE] Aot 20 1

During Expt. |, plants n:tpr:ri-l:ni:l::l mean
daytime wind speeds of 3,11 mx" and night
'l-'-r_inﬂ F_P:_-L‘liﬁl:lr1 ._EI I'rl-b’_'- S_Imn_lstigl'll,arr.'l

During Expt. 2, ambient winds were 3,96
m+ " during the daytime and 2.15 ms'
during might hours. Sigrficance of sonrces of

Duning ExpL 3, ambient winds were 4,25
mex ' during the day and 3 28 m-s " during the
might The repeatcdemensures ANOVA re-
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Wind

Structures were constructed in a north-south direction to
provide plants on the west side with one of three levels of
wined exposure: 0% (fully protected), 36 % or 100% (Tully
exposed), Full protection was provided wsng a polypropy-
lene sheet 1o exclude all ambient wind. Exposure 10 36%
ambient wind was provided by covering Uhe structure with a
fabric screen. Plants receiving 100 % exposure received no
protecton Mrom the ambient wind. A randomazed complete
block deagn was used. with nime structures established
within three blocks.
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Fuc. 2. Net OO, assimalation (A0 of “Taismng 27 kaves on 1dand 15
Dec. 1995 as infeenced by Lime &-:h:-’ anf exparsure fo wind. Sunrise
was al 0835 h, amd sunit wa al 1756 B, Verssl bars foprescal

sarelam] erroe, o =&

A0 b= "Breesen You 1° L=

Huight (cm)

SnEne RE
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Fia. 1. Height of papaya seadlings receiving 0, 36 of 100 % wind

exposure from 9 Mar, to 18 May 19%, Mensurements hegan in week 3,

00 andeates hnear (L) or guadratic (0 regresion models were
significant st FF < 005 or P < M0, n =6,



Wind

Tanie 1. Leaf (LDW], sier (SDW ), roof (ROW ), god foigl (TOW) dey weights, and rooi conopy refie {RCR) of
papara seediings receiving 0, 26 or 0 % wird exposure frowe 9 Mar, [996 10 I8 May 1996

s Wind exposume
Yamahde ] L1 EL1 Sig r
‘Known You I°
LW (g} RIRES =¥ B9 o
S5 (g} I3 1% (50 L™ 046
RDW iz LI L3 ] XTE m
TRW ig) 10 K -6 e
RCH 1 b (5 I-%4 Le* 0-42
“Sam e’
LDOW ig) 1493 21 1 [
SDW (g 149 1-56 (95 L O 024, 0-69
RDW (g K3 333 &6 e
TOW igh B Bkl 13 m
RLR 1-IT L I-36 o 045
‘Tainung '
LIV (g} 203 e 6l L 0-38, (67
SDW (g 143 124 77 L* 2
RIDW (g >4 &7 311 e
TDW igh k] o) 310 m
RCH L b -3 1 [

&, ** Indicwies non-sgnificant, or linear (L) or guadravic (Q) regression models are sgnificant at # < 008 or F < 001, respectively.
=



TABLE 2. Height (Hr), leaf (LOW), stem (SDW), and rool (RDW) dry weight, dey oweight gain, leaf area (LA),
roat | camopy ratio ( RCR | and daytime and nighi=time whale plane evaposrarspieasion (E_ ) of papaya seedfings recefving 0
;i-"li ar [l i'-'i;- 1||'il.l'|'.|II r_.q!j:l'u.nrn'frrm.r .ff Naw, fry fﬁ ﬂ'rn;'. IW,

%% Wind exposure

Variable 0 L1 100 Sip. P
‘Known You I

Hi {cm) T -2 -8 L* {33

LDW {g) 476 5002 285 [+ W36

SDW (g) 104 3-24 =24 R

ROW (g) S&0 550 4.3 ns

Dy wi (g) 1332 1346 19 L* 025

ROCR T8 (I 4 ns

LA {am’) i | 186 1311 -1, L* 0-30

Day £, imgm™~ j 71 W% 494 L*e 51

highl: ,_F img m- g L 17 5.7 P ¥ -84, 0-95
“SunFise

H1 (em) 470 365 41-3 L4 049

LIMW (g) 418 493 31-57 (4 49

SOW (g 34t -39 Pl F Qe 054

RDW (g) +61 606 5408 ns

Diry wt (g) 1204 15.1% 11-1% Qe 410

ROR bl {67 2] L* 24

LA (cm®) 12 186 R Lo 027, 0-43

Day E_{mg m— 51} 47 62-7 574 | B ¥ o 67 0-T%

Might &, fmgm~* 57%) 40 36 59 L*w e, 063, 0-84
“Tainung 2

Hi fcm) A 45-5 EI R ] Frey 042

LW (g) =13 62 475 ns

SDW () 375 476 362 fs

RDW (g} G 20 84 637 as

Dy wit (g) 1454 Ifi-ax f449 ns

; DY 0-72 77 ns
LA (om?) 1326 14%2 1R ns
Dy .E._ Jmg m=2 5=1) 249 -7 546 L** 087

Maght £ gyl TTEL Y 2 g1 ES T b L1 Lo -E1



Etfects of indol butyric acid concentration on propagation
from cuttings of papaya cultivars "Golden” and “Uenf/Caliman 01°

Cymad S, Ehem Cammpandrmi’, Bl P Schimali’, Akesa Togres Seno’ |
e Lows Popasha'. Tiago MRasi Ferras’, CGevablo Asmiake Pamegeeni .
Faninipe Sobevira Alcuandeg' and Falidn Cocvans Cioncdler™ =
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Figure L Culting prepared for TBA ireatmon. 70 -
¢ UenfiCaliman 01 *
W ® 'Golden
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Figure 2. Rooting suceess in¢vs "Golden’ and "UenfiCaliman 01°, in
response o dilferent levels of IBA N0 days after irgatment. N = | 20
cuttings per cultivar (24 cuttings per cultivar and dosel. Equations:
‘Ciodden™. ¥y m =].00 & DN, B w 095 “UenfCaliman 01°, v
~1.57 + 0,093y - 0.000037¢7, B = 0.95,
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Tuble L. Vegetative charactenistics of ev. “UlenfCaliman 017 papaya cotlings versus seodlings: plant height o transplamting (FH1) and afer 4.5
mowibes in the feld (PHIL tnenk diameter (Tnank ), leal pamber (Leavesh and camopy dismeter (Canopy),

Vepetative characterisigs”

i i ceeai PHI tceny  PH2dem)  Trusk iem)  Leaves Camopy (enib
Cigtlings 213209 672428 L | I3+ 1.0 1273 £99
Sevd 9303 |26H=22 LAY L 2522056 1705+ 18
Frvalue” < [OCHRE < {hCKNI1 L] (Ln27 04677

¥ Means 2 standsrd ermors (o = 151 r=-53udent fead,

Table 11. Beproductive charactersbics of ov. “LlenfCaliman 017 in papava cullings versay seedlings afler 4.5 months growing in the field:
flomening onset (Flowerimg, in days after iransplanting - DAT), flomers per plant {Flowersi, height for firss fouig { HFrudt b, foait number per plasi
iNBFrums b, length of the portsos of the stem bearing (naits (SR Length).

“Reproductive characteristivs’
Flowers  HFruit (em)  Nhlmits SKLemgih (cm)

Cutiings (L0 £ 0.0 12304 256123 97205 41.6 = 3.1
Seads 6 £ 1.2 15405 68114 128208 SRTzx 26
P v’ « (LK « (L O0HR] « (LKMRE o DK} £ 00T

* Meams & standard erroes (o = 15k ° -Squdent iest,
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Figure 3. Rooting success M cays after treatment in papaya ovs “Gobden’ amd “Uend/Caliman 01°, in response 10 dafferent concentra-
moms of IBA. (a) Percemage of rooted cuttings. N = 120 cuttings per cultivar (24 cuttangs per cultivar and doser. Equations: “Gobden”
Y = 19054 = (L0005 | x + DOOD0032E, B° = 0.83; "UenfCaliman 01°, Y; = =(L5057 « (Ulx = 000001 164x7; B = 098 (b) Losses due to
stem rol. Means followed by differemt letters are sigmificantly different. Sepamtion of means by Tuliey test (F < (L05)



3.5 5 a 4.0 b
3.0 1 L. T4a
| £3.0 *
£as 211k -
2
= 40 1 =
o B20
& 1.5 ¥ = 1432+ 0.0007x
E T E
3 1.0 —E.-LD | R¥ = 0LB3TS
0.5 1
DD A - - 0.0 + e 1r =
‘Golden' UentCalman 041° i 1000 WK OO
Coul v Leved of IBA ippmi

Flgure 4. Leal number in ovs "Golden” and “UenfCalinsan 017 cuttings after 70 days of scclimatization: (a) Cultivar comparison; (b) Effect
on beal mumsber of the levels of IBA applied to the Base of ‘Uenf/Caliman 01" cuttings. Means followed by different letters are significantly
dafferemt. Separation of means by Tukey test (F < (UIS), & = 120 cutings per cultivar { 24 cuttings per cultivar and dosel.
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Figure 5. Chlorophyll comlenl estimated by SPALY valoes in ovs "Gobden” and “Llend Calinnam 0017 cutlimgs after 70 days of acclimalizalion: {a)
Cultivar comparisons (b) Effect on SPAD values of the levels of IBA applicd 1w the base of “Uenf/Caliman 01" cunbngs. Means followed by
different letiers are significanily different, Separstion of means by Tl,ll;l;':. fesd (P o DU N = | 20 cwitings per cultivar { 24 coitings per culiivar
amdl diwe ).



Tuhile T01. Linear coerelation of thi 4.'|.1lli.11;|: height, cutting dvameter, leal namber amd rood volume with phatosynthesis rate (A and efhcsency
of photosystem 11 IFY/Fimax ratio) in papava cvs "Golden” and 'Uenf\Caliman 017,

A (jumsod COs e 57"y Fv/Fmiax ratio
Variahles - Godden  UenfiCaliman 01 Golden  UsnffCaliman 01
{mom Hj imm 37} (mm ) {orm 370
Cutting height L4 3= =0 2=
Cutting diamcter (07490 02053
Leal number LIRS b 2™ . (P 2™ ={) 2 T45*
Koot volume {1 2hh™ (1 2G| 3= (020 L), (M 2

ns = ok sigmificant s 5% by f-test: ™ significant ab 1% by i-tesi.




Conclusoes

Em estacas de mamoeiro ‘Golden, em novos estudos, e para a inducdo de
enraizamento, indica-se aumentar a concentracdo de AlB acima de 3000 mg L-;

Estacas de mamoeiro ‘Uenf/Caliman 01’ enraizaram 65% quando tratadas com AIB
a 1500 mg L*; Poucas raizes nas estacas do mamoeiro sdo suficientes para manter
um bom estado hidrico, uma boa taxa fotossintética, uma significativa
quantidade de clorofilas nas folhas e com boa eficiéncia na utilizacdo de energia
luminosa;

Plantas de mamoeiro propagadas por estaquia, quando cultivadas no campo
apresentaram iniciacado precoce de flores, menor altura de insercao dos primeiros
frutos e baixa estatura, o que antecipa e facilita a colheita.



Gas-Exchange and Photochemical Efficiency in Seedling and Grafied

Papava Tree Grown under Field Condition
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Table 1. Grafting treatments,

Scion/stock combination Treatment code
Tamung seedlings T5
Tainung 01/Tainung 01 1T
Sunrise Solo seedlings 555
Sunrise Solo/Tainung 01 SST
Golden seedlings GSs

Golden/Tamung 01 GT




P a5 b
’

180 b

PR el 4

i Tsmmmy endong
ET-—'EHH
i s il ey
B Tt Grsclind

BB oot Yaslag
- EEETER

D90k  — PR T A

£l 1HAE) kn

18
in-

E 4 "

(-

ikl

13 a

an




SR

i BT

Fig. 1. Photosynthetic photon flux density (PPFD). leaf-to-air vapor pressure deficit
(VPDjeas.air). net photosynthetic rate (A) in papaya (Carica papaya L) cv. Golden,
cv. Sunnse Solo and hybnd Tainung 01 grafted on open pollinated Tainung 0]
(F2) seedlings and their respective seedlings (n=4). Means followed by the same
letter are not significantly different, Tukey’s test 5%.
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CONCLUSIONS

Transpiration and stomatal conductance were not atfected by rootstock which
means that grafting does not jeopardize the water intake in all papaya trees and the new
xvlem connection seems to maimntain stable the root-trunk-atmosphere system. The results
5uggr:5t that the performance of the grafted plants during the period was due to the
capacity of the root system of Tmmmg. 01 to provide water to the shoot and a good
vascular connection between the scion and rootstock thereby mamtammng lhigh gas
exchange and photochemical efficiency in the leaves and consequently a greater ‘carbon
oaln.
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Photosynthetic capacity, growth and water relations
in *Golden’ papaya cultivated in vitro with modifications
in light quality, sucrose concentration and ventilation
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In the present study, the increase in papaya dry matter
prodluction was due 1o the exogenous carbon provided
by sucrose in the culture medium. No photosynthetic
carbon assimilation or oxygen evolution by PS5 II was
observed. This photochemical damage was attnbutable
(o the reduced maximum PS5 11 quantum vield and the
efficiency of the oxygen-evolving complex (OEC). We
hypothesized that the reduced assimilation of carbon
may have occurned due to the decreased activity in the
Calvin-Benson cycle. Such damage to photosynthetic
capacity was related to the presence of sucrose in the
culure medium. The attempt to induce photoautoiro-
phic metabolism in the papaya seedlings by the use of
ventilated culture flasks, reduced sucrose (10 g L")
and a PPF of 90 pmol m™ 5™ was not successful. In
this species, alternative strategies o achieve a photoau-
totrophic metabolism and the expected Momass gain
include the use of a greater photosynthetic photon flux
density and an increased CO» concentration in the
ventilated flasks in association with a markedly lower
concentration (<10 g L"), or even the absence of
sucrose in the culture medium.





